This study was carried out in small water bodies (SWBs) within Uasin-Gishu and Siaya Counties of Kenya to investigate the effects of water quality on species diversity and richness of macroinvertebrates in these areas. The water quality of the SWBs was assessed in two dams in UasinGishu County (Kesses and Kerita) and the other two in Siaya County (Mauna and Yenga) within Lake Victoria Basin. Water samples for total phosphorus (TP) and total nitrogen (TN) were collected at each sampling station and analyzed using standard methods and procedures. Physico-chemical parameters such as dissolved oxygen (DO), pH and temperature were taken in situ using electronic meters while biological oxygen demand (BOD) was analyzed using Winkler method after 5-days incubation period. Macroinvertebrate samples were collected using a scoop net (500 µm mesh size) then transferred into a white tray for washing and sorting prior to identification. Preliminary tests of water quality parameters were evaluated by GLM analysis of variance of which very significant differences were observed for both spatial (p = 0.004) and temporal (p= 0.001) variability with the measured water quality parameters. The results showed that there is both negative and positive change of macroinvertebrate composition and abundance between SWBs over time due to spatio-temporal variation of water quality parameters. Principle Component Analysis (PCA) further confirms this. PCA described over 90% of variation at the stations. For both seasons, TN, TP, temperature, pH, DO and BOD were found to have a significant influence of the species diversity, dominance and richness of macroinvertebrates. Principle component analysis of TN, TP, DO, pH and BOD for the SWBs described 96% of their variation when they were compared at temporal and spatial scales. This trend leads to the variation in species diversity; dominance and richness of macroinvertebrates in these SWBs. Water quality and littoral invertebrate mean relative abundance were significantly different among the studied small water bodies during the study period. Overall, water quality seemed to have had effect on species diversity, dominance and richness of the invertebrate benthic community therefore can be used as a bio-monitor to aquatic health.
INTRODUCTION
Eutrophication due to poor water quality has been the most challenging global threat to the quality of our lakes as a result of excess nutrients getting their way through run off during rainy seasons (Likens, 2010) . This process of enrichment with excess nutrients, primarily phosphorus and nitrogen, leads to enhanced growth of algae, periphyton and/or macrophytes, as well as increased biological productivity and decreased basin volume from the excessive addition of dissolved and particulate inorganic and organic materials to lakes and reservoirs (Cooke et al., 2005; Likens, 2010) . Small water bodies in particular, which are primarily constructed for flood control and irrigation, are experiencing rapid eutrophication due to nutrient loading, sedimentation, acidification, and the introduction of toxic contaminants as a result of runoff water, within Lake Victoria basin lie watersheds dominated by agricultural production, which increases phosphorus-bound sediments in a reservoir, due in part to erosion.
Pollution of these aquatic environments is a significant global water quality management concern. Activities such as agriculture, silviculture, mining and urbanization produce contaminated runoff and excessive sediment that disturb physical habitat (Barbour et al., 1996) . These activities combined with highly erodible soils and locally intense rainfall events create high potential for nonpoint source pollution in water bodies (U.S. Department of Agriculture, 1997) . The amounts of nutrients in water also play a significant role in influencing the chemistry of aquatic ecosystems. As water flows over rocks and soils, it carries some nutrients in solution while others are adsorbed into sediments on their way (White et al., 2008) . The most important nutrients are those that are often in short supply and those that limit primary species diversity of phytoplankton and macroinvertebrates, like phosphorus, nitrogen or both (Kalff, 2002) .
The structure and function of aquatic organisms reflect physical/chemical conditions, and change with increased human influence (Karlson et al., 2002; Herrmann, 1999) . For example, in most ecosystems they appear to be controlled mainly by temperature regimes, substratum types and hydraulic variables (Vannote et al., 1980 ). In contrast, the macroinvertebrate communities of aquatic environments, particularly those in areas of variable climate, may be controlled more by stochastic processes of recruitment, dispersal, colonisation and local extinction, both of the macroinvertebrates themselves and of the macrophyte beds that provide much of their habitat (Batzer and Wissinger, 1996) .
In addition, the main physico-chemical factors that affect aquatic environments are temperature, discharge, DO, pH, nutrients and specific conductivity (Hanninen et al., 2000; Boney, 1989) . Temperature is an ecologically significant parameter that is known to influence the structure of aquatic communities (Giller and Malmsqvist, 1998) . For example, through combined influences on dissolved oxygen and metabolic activity, temperature has critical effects on species' distributions (Rostgaard and Jacobsen, 2005) and density (Hogg and Williams, 1996) . Temperature and dissolved oxygen levels usually fluctuate seasonally and aid in the structuring of benthic communities, which varies from species to species (Shieh and Yang, 2000) . It also regulates the amount of dissolved oxygen in water (Kalff, 2002) . Increase in temperature lowers its solubility resulting in low values.
Natural differences in pH and alkalinity may be important determinants of macroinvertebrate community structure in SWBs. Highly acidic water generally results in impoverishment of fauna, and low acidities reflect better buffering and higher productivity (Busulwa and Bailey, 2004) . Dam acidification can alter community structure by being acutely or chronically damaging tissues of invertebrates particularly for species that easily loose sodium ions when pH is reduced (Shieh and Yang, 2000) . Secondly, it alters algal communities, upon which some invertebrates depend for food and shelter, altering predation on invertebrates by decimating numbers of other crustaceans, fish, and amphibians, and by altering the bioavailability of some other potential stressors, such as heavy metals. Such effects may reduce invertebrate species diversity, increase the abundance of tolerant species and changed community composition (Shieh and Yang, 2000) .
Aquatic macroinvertebrates have the ability to live under different levels of physico-chemical water conditions, and to occupy different substrata. In lowland areas high values of dissolved oxygen can be maintained by minimal interference from anthropogenic activities and the contribution by epilithic algae during photosynthesis.
Benthic macroinvertebrates are used largely in assessments of streams and rivers (Giller and Malmsqvist, 1998) ; but studies focused on macroinvertebrates as indicators in lakes and reservoirs are less common. Few studies (Griffith et al., 2005; Batzer and Wissinger, 1996) have been conducted to determine how communities within a water body respond to the changes in water quality, specifically macroinvertebrates in small water bodies. By comparing spatial and temporal data it can be determined if the macroinvertebrate community has been reset to its original composition and the impact of the water quality on the community. The objective of this paper was to determine any changes in the benthic macroinvertebrate community in response to change in water quality in small water bodies within Lake Victoria basin, Kenya during the study period.
MATERIALS AND METHODS

Study area
The study was carried out in SWBs within the Lake Victoria Basin which was stratified in terms of altitude difference, their sizes and continuous availability of water. The low altitude sites were represented by Yenga and Mauna Dams in Siaya county and high altitude by Kesses and Kerita Dams in Uasin-Gishu County (Figure 1 
Water quality
Triplicate samples were collected at 10 cm below the water surface in each dam monthly at the chosen sampling sites (Figure 2 ). The physico-chemical parameters in the different microhabitats were measured in situ, temperature and pH were measured by a combined pH-and-temperature-meter (OAKTON R , Model pH/Mv/ºC METER, Singapore). Two sets of triplicate water samples were collected in glass stoppered bottles at each sampling station for dissolved oxygen (DO) and biological oxygen demand (BOD) using Winkler's method (APHA, 1998) . The first set used to determine DO was fixed using 2 ml manganous sulphate followed by 2 ml of Winkler's reagent.
Samples for determination of total phosphorus (TP) and total nitrogen (TN)) were collected using plastic sampling bottles of 500 ml. The samples were fixed with 3 drops of concentrated sulphuric acid in the field and transported in a cool-box to maintain the nitrogen balance to the laboratory for further analyses. Total nitrogen was determined using the Kjeldahl method in the laboratory (APHA, 2000) . A 50 ml water sample was taken in a conical flask to which 2 ml of ammonium chloride solution was added. The solution was then mixed well. The first 10 ml of the sample was run through the cadmium column and discarded, and the following 25 ml of solution was collected in a conical flask to which 0.5 ml of sulphanilamide solution was added. After about 5 min, 0.5 ml of n-1 naphthyl-ethylene diamine dihydrochloride was added and the solution was mixed well. After 1.5 h, the absorbance of the solution was measured at a wavelength of 543 nm in a Spectrophotometer (Pharmacia Biotech model, 65455). A 50 ml of distilled water and different standard solution were also treated as above. Total nitrogen was calculated using the formula:
Where E 0 = absorbance of sample without reductant; E B1 = absorbance of distilled water + reagent; E 1 = absorbance of sample with reagent Total phosphorus was measured using the persulfate digestion method (APHA, 2000) . A 100 ml of mixed reagent was added to a flask with 100 ml of sample. Simultaneously, 10 ml of mixed reagent without reductant was added to another flask with 100 ml of sample and the sample thoroughly mixed. After 1.5 h, extinction coefficient of the solution was measured at a wavelength of 885 nm in a spectrophotometer (Pharmacia Biotech model, 65455). The absorbance of the reagent and distilled water blank was also measured. The total phosphorus content of the sample was calculated as follows: where: E 0 = absorbance of sample without reductant; E 1 = absorbance of sample with reductant; E B1 = absorbance of distilled water + reagent.
Macro invertebrates
Littoral macroinvertebrates were sampled using a scoop-net of 0.5 mm mesh size with 0.4 m diameter. The samples were sorted live in a white plastic tray and placed into vials and preserved with 70% ethanol. The samples were then transported to the laboratory for further sorting, counting and identified to genus level using identification keys (Merritt and Cummins, 1997; IFM, 2006) .
Data analysis
The mean, standard errors, line-graphs and bar graphs (classical analysis methods) were carried out to see the variation trend. Species richness, diversity (Simpson's) and dominance were calculated for comparison and prior analysis of any uniqueness or difference in the sampled biological community at different pollution gradient (Microsoft excel 2013 and Minitab 16). The diversity indices (Simpson diversity index and Dominance of the taxa at the sampled stations) were then computed for macro invertebrates using PAST statistical software. General linear model analysis of variance was also undertaken for the six water quality parameter mean measurements (temperature, DO, BOD, TN, TP and pH) to determine if there is any significant difference in these measurements among the stations, between the months, if there is any interaction between stations and the months sampled (using Minitab 16 software). Further analysis of the above six water quality parameters related to the stations was done with multivariate method using PAST Software. Principle component analysis of the Stations and six mean water quality parameters (temperature, DO, BOD, TN, TP and pH) measurements were evaluated for the variation of the stations with these measurements.
RESULTS
Water quality
The mean monthly values of physico-chemical parameters and nutrients recorded among the dams during this study are summarized in except during the month of March 2011 where Yenga dam was much higher than Kerita and Mauna (Figure 9 ). Simpson's diversity Index and dominance is shown in Figures 10 and 11 . In general, all small water bodies had moderately high diversity indices in all months sampled except during the months of January, February and March 2011 where the diversity was low in Yenga and Mauna Dams (Figure 10 ). Dominance was high in Yenga and Mauna dams where there was up and down movement. There was low dominance in Kesses and Kerita as compared to other two dams though the values were constantly fluctuating throughout the study period with Kerita Dam recording the lowest of all in most months ( Figure 11 ). General linear model revealed there was significant spatio-temporal difference in species diversity during the study period (p=0.004 and p=0.001) respectively.
The mean physico-chemical water quality parameter measurements were also compared during the study period as presented in Figure 12 . Component 1 described 82.35% of this variation while component 2 had 14.34% variance. High TN, TP and pH influence was shown to be of significance with large Eigen-vector displacement along the horizontal axis and its influence was on Kesses and Kerita Dams. The same could be deduced with DO and BOD (positive coefficient) with component 1 that describes 82.35% of the variation among the dams; this is negative with respect to Mauna and Yenga Dams. Temperature positively affected Mauna and Yenga yet negatively influenced Kessess and Kerita with component 1. The combination of these two components explains 82.35 + 14.34 = 96.69% of the variation in water quality parameters among the dams (Figure 12) .
DISCUSSION
Water quality parameters such as DO, BOD and nutrients revealed a drastic increase and decrease in their concentrations for all water bodies sampled during the entire study period. This spatio-temporal change of water quality which could be attributed to different concentration of organic matter within a water body at a given point in time influenced the composition and distribution of macro invertebrates. This observation is supported by Peeters et al. (2004) and Orwa et al. (2013) who stated that the distribution and composition of aquatic macroinvertebrate communities are influenced by a variety of environmental factors such as habitat characteristics, water quality, sediment quality, food quality and quantity along with biological factors such as competition and predation. As these environmental and biological factors change over time, the macroinvertebrate community also changes. Physico-chemical parameters such as temperature, pH, DO, BOD and TN directly influenced the composition and abundance of macrointervertebrates. High temperature, low TN, low DO and high BOD negatively influenced the species diversity, dominance and richness in Yenga and Mauna Dams as they recorded low species diversity and richness as compared to Kesses and Kerita Dams which had low temperatures, high TN, high DO and low BOD resulting in high species richness. TP and pH did not show any clear effects on macroinvertebrate diversity and richness. The changes of species diversity and richness were probably due to variation in the tolerance level of environmental degradation due to anthropogenic impacts observed in the dams. This could conform to the physical structure that could have provoked perturbations in aquatic invertebrate communities, but the response to such events varies according to species. This is also supported by Kari and Rauno (1993) , Griffith et al. (2005) and Orwa et al. (2013) who concluded that the distribution of aquatic macroinvertebrate occurrence is set by physical and chemical tolerance of the individual macro invertebrates to an array of environmental factors. A lower value of the diversity index is generally interpreted as characteristic of polluted conditions over time, where a few tolerant genera dominate the community while higher values are recorded in unpolluted waters. Low species diversity was observed during high temperatures, low DO and high BOD in Yenga and Mauna Dams as compared to Kesses and Kerita Dams. This is due to high competition for DO by macro invertebrates during respiration which only make the more tolerant species survive as the temperature conditions might also not be favourable to less tolerant species. This is in line with Seaman and Kok (1987) who reported that dissolved oxygen (DO) concentration in SWBs varied according to local conditions, mainly temperature, time of the day and season. In the present study, higher DO concentrations were recorded in water bodies at lower temperatures (low altitude areas) than in higher temperatures (high altitude areas). A possible explanation for this is that higher temperatures induce increased biological activity in the water column, with larger organisms requiring more DO for respiration and the smaller microorganisms increasing their demand for DO in order to carry out aerobic biodegradation of deposited organic matter in the water body this results into only more tolerant species thriving as opposed less tolerant ones. This trend was clear in high and low altitude dams as they registered high and low species diversity and richness. It was also observed that higher DO concentrations occurred in sampling months just after heavy down pour and were lowest during dry spell. This phenomenon could be explained by what can be termed the "cascading temperature and standing crop" theory of lentic water bodies according to Seaman and Kok (1987) . During the short rains, temperatures are moderate; nutrients enter the water bodies through runoff and streams; due to the favourable temperatures and increased nutrient levels, there is algal bloom resulting into higher algal standing crop with increased DO from the photosynthetic activities of these algae; the high biomass of algae cause the standing crop of macroinvertebrate and zooplankton to increase up to a given tolerant limit; beyond this limit the standing crop of these biological organisms will decrease. The cascading consequences are that during the dry spell the phytoplankton, deplete much of the nutrients while at the same time the macroinvertebrates and large zooplankton population exert increased grazing pressure on the algae, resulting into heightened mortality rates of algae, reduced photosynthetic activity, more demand for DO to support respiratory activity of larger organisms, higher demand for aerobic respiration by microorganisms and therefore, reduced DO and increased biological oxygen demand (BOD) in the water column (Seaman and Kok, 1987; Ngodhe et al., 2013) . This could explain the present results as it imply that variation in temperature and DO cause negative or positive growth in macro invertebrates hence high species diversity and richness as was also reported by Sabater (2004) .
Principal component analysis (PCA) has been used to differentiate waters of different qualities (Zhang et al., 1992; Brodnjak-voncina et al., 2002) by chemometrics methods used for the classification and comparison of different samples (Massart et al., 1997) . Since the vector displacement of the principal components are directly related/proportional to the level/extent of the effect of the variables measured and the stations they correspond to, the largest principle component vector displacement among the stations was deduced to be the most polluted area. In this study, PCA further confirmed the change of species diversity, dominance and richness with the change of water quality parameters in different water bodies. Component 1 and 2 are sufficient to describe the environmental factors (water quality parameters) that affect these water bodies for instance, Kesess and Kerita have a strong positive influence of pH, TN, BOD and DO with component 1 that describes 82.347% of the variation among the stations, this is negative with respect to Mauna and Yenga Dams. The converse is true for temperature which positively affects Mauna and Yenga yet negatively influence Kesses and Kerita with component 1 while component 2 have 14.34% variance (Figure 12 ). The combination of these two components explains 82.347 + 14.34 = 96.687% of the variation in water quality parameters among the small water bodies. This analysis confirms the impact water quality parameters have on macro invertebrate communities. This concurs with Herrmann (1999) who noted that slight eutrophication due to change in water quality seems to favour increased diversity, however, excess amounts of nutrients resulting in increased primary production and consequently oxygen depletion, probably affecti macroinvertebrate diversity negatively. Harding et al. (1998) also noted similar weak significant correlation results and suggested that high periphyton biomass due to nutrient enrichment and sedimentation in some of the stations that they sampled favoured some taxa such as Chironomids, Snails and Oligochaetes at the expense of Ephemeroptera and Trichoptera. This study noted the decline in diversity of macroinvertebrates, with the low abundance or absence of Ephemeroptera and Trichoptera due to increased nutrient levels because of agricultural and other anthropogenic activities. It can therefore be concluded that variation in species diversity, dominance and richness were as a result of spatio-temporal change of water quality parameters sampled.
